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EP 1 948 835 B1
Description

BACKGROUND OF THE INVENTION

TECHNICAL FIELD

[0001] The invention concerns the continuous in-line refining of molten aluminium and aluminium alloys.

DESCRIPTION OF THE PRIOR ART

[0002] Molten metals such as aluminium and aluminium alloys which include both small amounts of dissolved, par-
ticulate and gaseous impurities are treated "in-line" in equipment that is placed in a metal carrying launder or trough
prior to casting, continuous casting and other usages.

[0003] The aluminium metal flows into the trough at the inlet, through the trough and exits at the outlet, and this occurs
in a substantially continuous manner. The trough is installed typically between a heated vessel (such as a casting furnace)
and a casting machine. The treatment is intended to remove: i) dissolved hydrogen, ii) solid non-metallic particulates,
for example alumina and magnesia, and iii) dissolved impurities, for example Na, Li and Ca. This refining treatment has
traditionally been accomplished using chlorine gas or mixtures of chlorine gas with an inert gas such as argon. This
refining process is commonly referred to as "metal degassing" although it will be appreciated that it may be used for
more than just degassing of the metal, since it also removes other contaminants such as ii) and iii) discussed previously.
[0004] There is environmental pressure to eliminate chlorine in such applications and although use of argon alone
can accomplish some of the treatment, itis inadequate for other uses and in particular for treating magnesium-containing
aluminium alloys.

[0005] The use of chloride salts has been usedin some furnace based or batch rather than continuous metal treatments.
In particular magnesium chloride (MgCl,), and mixtures of MgCl, with potassium chloride (KCI) have been considered
as a possible substitute for chlorine gas. However, magnesium chloride is particularly hygroscopic, and therefore inev-
itably contains moisture and persistently absorbs moisture from ambient air. During treatment, this moisture reacts with
molten aluminium to generate hydrogen that dissolves in the molten metal, and may lead to poor quality metal.

[0006] In furnace and crucible treatments the presence of moisture in the magnesium chloride can be accepted as
these are generally for non-critical applications. However, use in in-line treatments where the metal is cast immediately
cast after treatment, and for critical products where hydrogen porosity is unacceptable, magnesium chloride has not
been usable.

[0007] Magnesium chloride (MgCl,) has been used as a "cover flux" for in-line degassing treatment but this use
compliments the use of in-line chlorine gas injection, and MgCl, is clearly not meant as a substitute for in-line chlorine
gas of injection of the molten metal.

[0008] U.S. Patent 3,767,382 discloses a continuous in-line metal treatment system comprising a dispersing and
separation chamber separated by baffles that allow the separation of impurities. A rotary disperser in the dispersing
chamber is used to break-up the molten metal and disperse a treatment gas comprising chlorine gas and an inert gas
into the metal. The cover flux disclosed includes 80% MgCl, and moisture less than 0.1% by weight.

[0009] U.S.Patent4,138,245 discloses a means by which to remove sodium by introducing a chlorinating agent, which
may be a mixture a chlorine gas and argon gas, introduced into a body of molten aluminium. Metal passes through a
combination of filter-degasser bed coated with salt containing 85% MgCl,. The salt is confined to the bed and reacts to
reduce sodium levels in the metal.

[0010] U.S. Patent 5,772,725 discloses a method for in-line treatment of molten metal that is said to be useable with
salts as well as with gaseous fluxes, without any particulars as to how this is achieved. The invention discloses a
disperser/agitator adapted to disperse gases into a metal bath where the agitator rotation is inverted regularly.

[0011] U.S. Patent 6,602,318 discloses a treatment vessel, such as a ladle, that uses a mixture of KCI/MgCl, in a
given weight ratio of 0.036 to remove calcium and particulates from the metal contained in the vessel. While KCI/MgCl,
is fed by way of an injection tube below the level of the molten metal near a rotating high shear dispersing impeller, thus
achieving quick dispersion of the KCI/MgCl,.

[0012] EP-A-395 138 discloses a crucible treatment using various salts including salts containing up to 80% alkali
metal and alkaline earth metal chlorides and including a disperser apparatus for handling such salts, which includes a
Co- injection of solids with an inert gas through a hollow shaft of the disperser below the level of the metal and at the
level of the impeller.

[0013] EP-A-1462 530 discloses an apparatus and method of treating molten metal in a crucible. The apparatus adds
salt through a hollow shaft of a disperser. A pressurized inert gas transports the salt intermittently through the hollow
shaft and into the metal in the crucible to the level of the impeller. The system may be used with a range of salt fluxes.
[0014] Therefore, all prior art either uses chlorine gas for refining the aluminium metal or is in a static crucible or in-



10

15

20

25

30

35

40

45

50

55

EP 1 948 835 B1

line vessel which allows long residence times for the removal of impurities. Therefore there remains the problem of
efficient in-line continuous refining of molten aluminium and aluminium alloys in troughs, without the use of chlorine gas.
[0015] WO-A-02/20860 discloses a method for processing molten aluminium and a shaft for use in the method for
treating molten aluminium using an impeller mounted on the shaft comprising a protective refractory sleeve resistant to
attack by molten aluminium, the protective sleeve mounted on the shaft by casting to extend above and below the molten
aluminium surface when the shaft is in use.

SUMMARY OF THE INVENTION

[0016] The present invention discloses a refining process for in-line continuous refining of molten aluminium and
aluminium alloys, with the use of a metal halide salt and an inert gas alone.

[0017] In accordance with one aspect of the present invention, there is provided an in-line process according to
appended claim 1, for refining a molten aluminium or aluminium alloy.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Further features and advantages of the present invention will become apparent from the following detailed
description, taken in combination with the appended drawings, in which:

Fig. 1. is a perspective view partly sectioned of an apparatus of the prior art, with part of the trough in which the
apparatus is mounted removed displaying a plurality of dispersers in the trough; and

Fig. 2. is a schematic representation of an apparatus in accordance with one embodiment of the present invention,
with a portion of the metal trough illustrated.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0019] Fig. 1 illustrates a prior art embodiment of apparatus which uses chlorine gas. The apparatus 910 illustrated
includes a trough 950 (partially sectioned) and a series of dispersers 960 which in the represented embodiment includes
six dispersers, one of which is hidden behind a baffle 974.

[0020] The trough 950, which can also be described as a metal transfer launder, includes an upstream inlet 954 and
a downstream outlet 956, and the trough is adapted to allow molten aluminium and aluminium alloys to flow from the
inlet 954 to the outlet 956. The trough 950 illustrated has a depth 957 upstream of trough inlet 954 and the downstream
of the trough outlet 956. The central portion 955 of the trough 950 directly below the dispersers has a depth 958 and in
this embodiment has a greater depth than the trough upstream of inlet 954 and downstream of the outlet 956. Although
not illustrated the central portion 955 of the trough may also have a greater width than the width of the inlet 954 and the
outlet 956.

[0021] The apparatus 910 further includes a series of six dispersers 960, two of which are identified by reference
numbers 961 and 967. The series of dispersers are in a preferred embodiment installed in a straight line along the central
line of the trough 971, each disperser roughly equidistant from an adjacent disperser along the central portion 955 of
the trough and with their impellers adapted to rotate in the molten aluminium in the bottom of the trough 950. The
dispersers are enclosed in the trough 950 by an enclosure 922. Above the series of dispersers is a drive means, preferably
an electrical motor, compressed air motor or a series of belts or gears operatively connected to an electric motor. Three
separate enclosures 923a, b and c, rise above enclosure 922, with each separate enclosure containing a drive means
for two dispersers, i.e. in the case of enclosure 923a, the drive means for dispersers 961 and 967 is located therein.
[0022] Each disperser has a connection to a supply of gas. In Fig. 1 disperser 961 and 967 are connected to gas inlets
912 and 914 respectively. The gas passes through the rotating shafts of each disperser and is mixed with molten metal
within internal passages in the impeller, and then the molten metal and gas mixture is ejected in a substantially horizontal
manner from opening on the side of the impeller.

[0023] The illustrated enclosure 922. further includes a baffle 972 upstream of the first disperser and a baffle 976
downstream of the last disperser, and in the illustrated embodiment, an additional baffle 974 between the first three and
last three dispersers. Additional baffles (not shown) between dispersers may also be used in some embodiments. The
baffles allow metal to flow under and around while the baffles 972 and 976 in particular confine floating waste by-products
(often referred to as dross) to the portion of trough between these baffles. This dross can be periodically removed, and
the baffles prevent the dross from passing downstream and contaminating any filter, if used, or the ingot itself. The
baffles 972 and 976 along with the enclosure 922 reduce the ingress of air into the area of trough containing the disperser
and thereby reduce oxidation.

[0024] The disperser system 960 represented in Fig. 1, is similar to that described in US Patent 5,527,381 assigned
to Alcan International Limited. The US Patent 5,527,381 is designed to pump the liquid, through the impeller without



10

15

20

25

30

35

40

45

50

55

EP 1 948 835 B1

splashing or creating a vortex the liquid into which could entrain further gases, and/or impurities on the liquid surface.
[0025] The disperser system 960 of Fig. 1 operates by circulating or pumping the molten aluminium or aluminium alloy
flow in the trough 950 from the inlet to the outlet with the injection and dispersion of chlorine and inert gas. The main
impurities in the aluminium metal are (1) dissolved hydrogen gas; (2) particulates (oxides, carbides, borides and others)
and dissolved alkali metals (such as Na, Li, Ca) which have detrimental effects on casting or subsequent product
properties. The chlorine gas is effective in converting the alkali metals to salts which coalesce and rise to the surface
assisted by the inert gas. The hydrogen preferentially diffuses into the inert gas bubbles and is removed and the particulate
coalesces around the gas bubbles (assisted by any salts formed) and rises to the surface. The salts and particulates
form dross or a waste by-product which is skimmed off periodically or captured in a downstream filter. The chlorine gas
is added in excess of stoichiometric amounts and therefore this excess must be disposed of in an environmentally
acceptable way.

[0026] Fig. 2 illustrates a preferred embodiment of the present invention where apparatus 10 is used for in-line refining
of molten aluminium and/or aluminium alloys without any chlorine gas. The in-line refining of the present invention will
be understood by the skilled practitioner as a substantially continuous process where impurities in the aluminium or
aluminium alloy are removed. These impurities as previously discussed are: dissolved gas such as hydrogen; particulates
such as insoluble oxides; and dissolved alkali metals.

[0027] The refining apparatus 10 includes: a trough 50; a salt feeding system 20, a dispersing system 60 with at least
one disperser 61, (Fig. 2 illustrates, two dispersers 61 and 67), and a gas supply system 16.

[0028] In-line refining is conducted, in a preferred embodiment, in a portion of a metallurgical trough 50 (which may
be called a metal transfer launder) which is located between a casting (or metal holding) furnace and a casting machine.
Such a metallurgical trough may have a slight slope from the casting furnace to the casting machine, and is adapted to
cause molten metal to flow from the casting furnace to the casting machine. A portion 50 of such a metallurgical trough
of the present invention is illustrated in Fig. 2 and has a molten metal upstream inlet 54 and downstream outlet 56 and
through which molten metal flows in a substantially continuous manner. The locations of the inlet and outlet may each
be defined at and have a baffle, similar to that of Fig. 1. The inlet 54 and the outlet 56 are respectively proximal to the
most upstream disperser 61 and most downstream disperser 67.

[0029] Residence times of the molten metal between the inlet 54 and outlet 56 during in-line refining of the present
invention vary and depend on the metal mass throughput, but are typically measured in tens of seconds. The portion
50 of the trough in which dispersers are located has little or no dead volume at the bottom of the trough, thus does not
require a design including a specialized drain hole or a means of tipping the trough. The metallurgical trough including
the portion 50 of the trough may be constructed in a refractory lined steel, or other suitable material of construction which
would be well known to the skilled practitioner.

[0030] The central trough portion 55 is located at the dispersers and may have a depth 58 that is up to 50% greater
than the depth 57 upstream on the inlet 54 and outlet 56. In a preferred embodiment, not illustrated in Fig. 2 the depth
58 is substantially the same as the depth 57. Similarly the width of the central trough portion 55 may be up to 50% wider
than the width upstream of inlet 54 or downstream of outlet 56. Waste by-products (dross) comprising reaction products
of the alkali and alkaline earth metals, solid particulates (oxides), and residual (or unreacted metal halide) salts, can be
trapped behind baffles, if present at the inlet 54 and outlet 56 where they can be removed by the operator, or can be
trapped in a filter located downstream of the outlet 56, as would be understood by the skilled practitioner. The residual
metal halide salts are present due to dosing above a stoichiometric amount. Similarly the waste gas comprising a mixture
of hydrogen and an inert gas can be removed by any conventional exhaust system. Due to the absence of chlorine gas,
this waste gas does not need special handling. Thus the refined aluminium metal or aluminium alloy can be recovered
or sent for further processing, and preferable towards a casting machine downstream of the outlet 56.

[0031] The trough of the present invention has in a preferred embodiment the following process and dimensional
parameters:

a) typical metal flow rates up to about 1500 kg/min. However, generally the mass flow ratio is greater than about
100 kg/min. Clearly the skilled practitioner would understand that the trough 50 of the present invention may have
mass flow rates below 100 kg/min when there is a no-flow condition and under other special circumstances;

b) salt is preferably added at a rate of at least 1 gm per 1000 Kg of metal. This is the minimum needed for effective
removal of particulates. However, for effective removal of alkali metals, the salt should be added at a rate of at least
1 times stoichiometric requirements and more preferably at least 2 times stoichiometric requirements. The stoichi-
ometric requirement is the amount of salt, based on its MgCl, content, required to exactly react and with all the Na.
Li, Ca present and convert them to the corresponding chloride salts. However, salt additions of more than 10 times
stoichiometric are not required, more preferable not more than 6 times stoichiometric. The low amount of salt addition
for effective alkali removal results in limited water addition and hence hydrogen removal as effective as argon alone;
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c) typical residence times of the metal between the inlet 54 and outlet 56, that is, in the trough under the influence
of the dispersers is less than about 60 seconds and preferably in the range 25 to 35 seconds (regardless of the
number of dispersers used); depth of the trough in the central trough portion 55 is typically less than about 400 mm
and the width of the trough in the central trough portion is typically less than about 600 mm, more preferably the
width may vary from 300 to 600 mm; and

d) the typical spacing between dispersers is about 35 cm.

[0032] The salt feeding system 20, in a preferred embodiment is disposed above the dispersing system 60. The salt
feeding system includes a salt hopper 24 into which a metal halide salt 18 is fed. In a preferred embodiment, the metal
halide salt comprises MgCl, or a mixture of MgCl, and KCI and is sometimes called a flux. In a particularly preferred
embodiment the salt is comprised of at least 20% by weight and even more preferably at least 50% by weight of MgCl,
and 0.01% to 2.0% by weight of water. In some embodiment MgCl, may be replaced by AICl,.

[0033] The salt hopper 24 may be placed within a vessel 22, prior to transport by a feeder 25. The vessel 22 is slightly
pressurized with an inert gas 12, from the gas supply system 16. In a preferred embodiment the inert gas is argon. The
inert gas 12 enters the vessel 22 and may equally blanket the MgCl,, or MgCl, and KC1 mixture in the salt hopper 24,
thus minimizing the absorption of additional humidity by the salt during storage, that would occur in ambient air.
[0034] The skilled practitioner would understand that the salt hopper 24 may be designed such that it replaces the
pressurized vessel 22 and would therefore, be pressurized with inert gas and hermetically linked to the transport pipe
28 and the trough 50. The hopper 24 may also optionally include a vibrator or other mechanical means (not shown) to
reduce or eliminate the bridging of the metal halide salt within the hopper 24.

[0035] The salt 18 from the salt hopper 24 enters the salt feeder 25, at an upstream entrance 30 of the feeder. The
metal halide salt is typically a relative finely ground crystalline powder, which is typically free flowing and can be transported
by mechanical and/or pneumatic means. The salt feeder 25, may be any one of a number of suitable feeders including
but not limited to a double helical screw feeder, as illustrated in Fig.2. The feeder should be capable of precise metering
of the quantity of salt to be used. The metal halide salt 18 leaves the feeder 25 via a distal downstream exit 32, and is
diagrammatically represented by arrow 26 in Fig.2. The metal halide salt may enter a small silo 27 at the top of a transport
pipe 28, or be directly and hermetically attached to transport pipe 28. The transport pipe 28, directs the metal halide salt
18 towards the metal trough 50. The transport of the metal halide salt 18 leaving the feeder 25 is assisted by pressurized
inert gas 12, so that a flow of the salt and inert gas is established to transport the metal halide salt through the pipe 28
towards the trough 50.

[0036] The metal halide salt 18, from the transport pipe 28 may be added via hollow salt feeding tube (not illustrated)
connected to the salt transport pipe 28 that is located adjacent the disperser 61. This salt feeding tube, allows the metal
halide salt to be fed very close to and preferably directly underneath the disperser impeller 64 into the molten aluminium
or aluminium alloy in the bottom of the trough 50. As previously mentioned in a preferred embodiment the salt and inert
gas may both be fed through the transport pipe 28 and salt feeding tube of the salt feeding system 20. The inert gas
assists the passage of the metal halide salt, and both are expelled in a simultaneous or substantially simultaneous
manner at a point near the impeller 64, and preferably underneath the impeller, into the molten aluminium or aluminium
alloy.

[0037] In a particularly preferred embodiment illustrated in Fig. 2 the metal halide.salt is fed through a rotating shaft
62 of a disperser 61. The shaft 62 includes a longitudinal central bore 66 extending through the rotating shaft 62 from
a mounted end 63 of the shaft 62 to the distal or end immersed in molten aluminium 65. The mounted end 63 is also
operatively connected to arotary seal 68 and a motor 70. In one embodiment the motor 70 is located outside the enclosure
52, but may also be found within the enclosure. The rotary seal 68, allows the shaft 62 to rotate while maintaining a seal
and an inert atmosphere within a trough enclosure 52. The rotary seal 68 may also be the point through which the inert
gas 12 and metal halide salt 26 pass via the bore 66 into the molten metal. The motors (71, 74) are coupled to the top
ends of the shafts, but they have hollow through shafts so than gas/salt can be fed though the hollow shaft at the top of
the motor and pass to the hollow shaft of the disperser. A rotary seal is provided to the shaft at the top of the motor. The
distal end 65 of the disperser 61 has a high shear impeller 64 attached and is the location of the outlet of the bore 66
from which the inert gas 12 and the metal halide salt is fed into the molten metal. The dispersers are typically located
centrally with respect to the trough width 51, and the rotation of the disperser is such that the molten aluminium is pumped
within a zone around the disperser, and this with little or no vortex formation or splashing. The inert gas 12, or 14 is fed
into an internal set of channels within the impeller, mixed with metal, and the combined metal/gas mixture is ejected
horizontally from openings in the side of the impeller.

[0038] Thedispersersystem 60, in the embodimentillustrated in Fig. 2 includes two dispersers 61 and 67, that disperse
the metal halide salt and inert gas into the flowing molten metal in the bottom of the trough 50, the metal liquid level 72
isillustrated. The disperser 61 includes a rotating shaft 62 and a dispersing impeller 64. The disperser system represented
is similar to that described in US Patent 5,527,381 but adapted to allow passage of the metal halide salt through the
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central bore 66 of the disperser shaft 62.

[0039] Fig. 2 further illustrates that all the dispersers need not include a halide salt addition, as with disperser 67 where
only inert gas 14 is injected. In the case where there are a plurality of dispersers the trough 50 may include baffles (not
shown) and similar to that described in Fig. 1. In another preferred embodiment consecutive dispersers rotate in opposite
directions, or sequentially clockwise then counter clockwise and so forth.

[0040] In yet another alternative embodiment, where there are a plurality of dispersers, inert gas and salt is added at
least at the most upstream of the dispersers, and inert gas alone is added at least at the most downstream of the
dispersers. In this embodiment, the salt is highly effective at particle and alkali metal removal so that it is required only
in the upstream dispersers and the extra hydrogen that may be generated by the moisture in such amounts of salt are
removed by the inert gas in the downstream dispersers.

[0041] In another alternative embodiment, more than one disperser may be fed the halide salt and the delivery rates
of the salt may be made to vary from one disperser to the next. In a preferred embodiment the disperser furthest upstream
would have the largest feed rate of salt, while the dispersers downstream would have sequentially lower feed rates.
[0042] The dispersing system 60 may also have a plurality of dispersers 61 through which or near which the inert gas
and metal halide salt is injected into the molten liquid. As many as 6, 8 or more dispersers may be installed, with a
preferred embodiment having from 4 to 6 dispersers.

[0043] The gas supply system 16 (not illustrated) comprises: a source of inert gas from a cylinder of compressed gas
or agasinliquid phase; a system to regulate the pressure of the inert gas; a manifold distributing the inert gas into small
tube connections which can then be routed to where they are needed, such as illustrated in Fig. 2, by reference numbers
12 and 14. The gas supply system 16 may comprise inert gases alone or in combination, these gases include helium,
neon and argon, with argon being the preferred embodiment and it is understood that the gas supply system 16 does
not contain reactive gases, and particularly does not contain chlorine gas.

Example 1

[0044] Aluminium alloy type AA1100 was prepared and delivered to an apparatus similar to that illustrated in Fig.2
however including four dispersers. A halide salt and argon mixture was delivered via the first (most upstream) disperser
and argon alone injected into the three remaining dispersers. Argon was delivered at a total rate of 160 standard liters
per minute distributed across the four dispersers. The rate of particle removal, the hydrogen removal and percent alkali
metal removal as well as the results from a similar degasser using a chlorine/argon mix without salt are presented in
Table 1.

Table 1
*Salt Blend %water | kg salt/1000 kg metal | H, removal | Caremoval | Naremoval | particulate removal
60/40 0.17% 0.078 61.50% 66.70% 77.70% 100.00%
60/40cr 0.21% 0.078 57.10% 62.50% 80.30% 95.00%
75/25 0.30% 0.021 to 0.142 63.92% 75.80% 91.92% 100.00%
90/10 0.31% 0.056 to 0.146 60.51% 69.15% 86.11% 97.50%
no salt -- -- 50 to 60% 45 to 55% 45 to 55% 30 to 70%
*Salt Blend values are given in terms of a weight ratio of MgClI,/KCI, while "cr" represents "crushed" MgCl,/KCI.

[0045] The results indicate a high level of particulate removal. It is believed that the invention works by ensuring that
by excellent dispersion of the halide salt in the trough particulate removal can be achieved with low halide salt levels.
Furthermore, this may mean that hydrogen generation from entrained moisture is less than previously believed and
removal of any extra generated hydrogen appears plausible. Furthermore the salt need only be added through or near
the disperser furthest upstream while subsequent dispersers downstream thereof may in fact remove entrained hydrogen.

Example 2

[0046] An aluminium alloy type AA6063 was prepared and delivered to an apparatus similar to that illustrated in Fig.
2 however including six dispersers. A halide salt and argon mixture was delivered via the first (most upstream) disperser
and argon alone injected into the five remaining dispersers. Argon was delivered at a total rate of 260 standard liters
per minute distributed across the six dispersers. Results are shown in Table 2.
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Table 2
Salt Blend (MgCl,/KCI weight % water kg H, out Caremoval* | Naremoval* | Particulate
percent) salt/1000 removal
Kg metal
75/25 0.30% 0.009 to 0.11ml/ 36.3% 69.1% 69.4%
0.052 1009
Argon only -- -- 0.11ml/ - - 8.3%
1009

* Only results obtained for trials with alkali concentration greater then 1 ppm are considered.

[0047] In this example the salt was added at a stoichiometric ratio of 1 to 4 times stoichiometric indicating that alkali
removal is effective at a relatively small stoichiometric excess. The effect of salt addition on particulate removal compared
to argon is clearly shown.

Example 3

[0048] An aluminium alloy type AA5005 was prepared and delivered to an apparatus similar to that illustrated in Fig.
2 however including six dispersers. A halide salt and argon mixture was delivered via the first (most upstream) disperser
and argon alone injected into the five remaining dispersers. Argon was delivered at a toal rate of 270 standard liters per
minute distributed across the six dispersers. Results are shown in Table 3.

Table 3
Salt Blend (MgCl,/KCI weight % water kg H, out Caremoval* | Naremoval* | Particulate
percent) salt/1000 removal
Kg metal
75/25 0.30% 0.005 to 0.15ml/ 10.0% 29.6% 71.7%
0.027 1009

* Only results obtained for trials with alkali concentration greater then 1 ppm are considered.

[0049] The saltadditioninthis example was at a rate corresponding to only 0.1 to 0.5 times stoichiometric requirements
for alkali metal removal and the removal was correspondingly low. However the particulate removal was still high,
indicating that particulate removal is efficient even at low salt feed rates.

Example 4

[0050] Aluminium alloy type AA1200 was prepared and delivered to an apparatus similar to that illustrated in Fig. 2
however including six dispersers. A halide salt and argon mixture was delivered via the first (most upstream) disperser
and argon alone injected into the five remaining dispersers. Argon was delivered at a total rate of 270 standard liters
per minute distributed across the six dispersers. Results are shown in Table 4.

Table 4
Salt Blend (MgCl,/KCI weight % water kg H, out Caremoval* | Naremoval* | Particulate
percent) salt/1000 removal
Kg metal
60/40 0.56% 0.027 0.10ml/ -- 71.1% 84.7%
100g
75/25 0.30% 0.021 to 0.12ml/ -- 49.5% 61.7%
0.030 1009
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(continued)
Salt Blend (MgCl,/KCI weight % water kg H, out Caremoval* | Naremoval* | Particulate
percent) salt/1000 removal
Kg metal
Cl, -- -- 0.10ml/ 15.4% 64.8% 61.8%
1009
* Only results obtained for trials with alkali concentration greater then 1 ppm are considered.

[0051] The salt addition in this example was at a rate corresponding to only 2 to 6 times the stoichiometric requirements
for alkali metal removal indicating that alkali removal is effective at a relatively small stoichiometric excess.

[0052] The embodiment(s) of the invention described above is(are) intended to be exemplary only. The scope of the
invention is therefore intended to be limited solely by the scope of the appended claims. ,

Claims

1. Anin-line process for refining a molten aluminium or aluminium alloy flowing from an inlet (54) to an outlet (56), the
molten aluminium or aluminium alloy having a metal liquid level (72), the process comprising:

adding an inert gas and at least one metal halide salt into the molten aluminium or aluminium alloy, below the
metal liquid level at an upstream disperser (61);

dispersing the inert gas and the at least one metal halide salt into the flowing molten aluminium or aluminium
alloy with the upstream disperser,

adding only inert gas into the molten aluminium or aluminium alloy below the metal liquid level at a downstream
disperser (67); and

dispersing the inert gas into the flowing molten aluminium or aluminium alloy with the downstream disperser.

2. The process of claim 1, wherein the at least one metal halide salt comprises MgCl,, preferably at least 20% by
weight of MgCl, and 0.01% to 2.0% by weight of water, more preferably at least 50% by weight MgCl, and 0.01%
to 2.0% by weight of water, or wherein the at least one metal halide salt comprises MgCl, and KCI, or wherein the
at least one metal halide salt comprises 0.01 to 2.0% by weight of water.

3. The process of claim 1, wherein the at least one metal halide salt is added at rate of 0.01 to 0.20 kg per tonne of
the molten aluminium or aluminium alloy.

4. The process of claim 1, wherein the inert gas is selected from the group consisting of helium, neon, and argon.

5. The process of claim 1, wherein the molten aluminium or aluminium alloy flowing from the inlet to the outlet has a
residence time of about 60 seconds, or in the range of 25 to 35 seconds.

6. The process of claim 1, wherein the at least one metal halide salt and inert gas are dispersed at a disperser furthest
upstream, or at two dispersers furthest upstream, and only inert gas is dispersed at the remaining dispersers.

Patentanspriiche

1. In-Line-Prozess zum Veredeln von geschmolzenem Aluminium oder einer geschmolzenen Aluminiumlegierung,
welche(s) von einem Einlass (54) zu einem Auslass (56) fliet, wobei das geschmolzene Aluminium oder die ge-
schmolzene Aluminiumslegierung einen Metall-Flussigkeitsstand (72) aufweist, wobei der Prozess umfasst:

Hinzufligen eines Inertgases und mindestens eines Metallhalogenidsalzes in das geschmolzene Aluminium
oder in die geschmolzene Aluminiumlegierung unterhalb des Metall-Flissigkeitsstandes bei einem stromauf-
wartigen Disperser (61);

Dispergieren des Inertgases und des mindestens einen Metallhalogenidsalzes in dem flieRenden geschmolze-
nen Aluminium oder in der flieBenden geschmolzenen Aluminiumlegierung mit dem stromaufwartigen Disperser,
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Hinzufligen von nur Inertgas in das geschmolzene Aluminium oder die geschmolzene Aluminiumlegierung
unterhalb des Metall-Flussigkeitsstandes bei einem stromabwaértigen Disperser (67); und

Dispergieren des Inertgases in das flieBende geschmolzene Aluminium oder in die flieBende geschmolzene
Aluminiumlegierung mit dem stromabwartigen Disperser.

2. Prozess nach Anspruch 1, wobei das mindestens eine Metallhalogenidsalz MgCl,, vorzugsweise mindestens 20
Gewichtsprozent MgCl, und 0,01 bis 2,0 Gewichtsprozent Wasser, besser vorzugsweise mindestens 50 Gewichts-
prozent MgCl, und 0,01 bis 2,0 Gewichtsprozent Wasser, umfasst oder wobei das mindestens eine Metallhaloge-
nidsalz MgCl, und KCl umfasst oder wobei das mindestens eine Metallhalogenidsalz 0,01 bis 2,0 Gewichtsprozent
Wasser umfasst.

3. Prozess nach Anspruch 1, wobei das mindestens eine Metallhalogenidsalz mit einer Rate von 0,01 bis 0,20 kg pro
Tonne des geschmolzenen Aluminiums oder der geschmolzenen Aluminiumlegierung hinzugefuigt wird.

4. Prozess nach Anspruch 1, wobei das Inertgas ausgewahlt ist aus der Gruppe, bestehend aus Helium, Neon und
Argon.

5. Prozess nach Anspruch 1, wobei das geschmolzene Aluminium oder die geschmolzene Aluminiumlegierung, wel-
che(s) von dem Einlass zu dem Auslass fliet, eine Verweildauer von ungefahr 60 Sekunden oder in dem Bereich
von 25 bis 35 Sekunden aufweist.

6. Prozess nach Anspruch 1, wobei das mindestens eine Metallhalogenidsalz und das Inertgas bei einem am weitesten
stromaufwarts liegenden Disperser oder bei zwei am weitesten stromaufwarts liegenden Dispersern dispergiert
werden und nur das Inertgas bei den verbleibenden Dispersern dispergiert wird.

Revendications

1. Procédé intégré pour affiner de I'aluminium ou un alliage d’aluminium en fusion s’écoulant d’'une entrée (54) a une
sortie (56), I'aluminium ou l'alliage d’aluminium en fusion ayant un niveau (72) du métal liquide, le procédé
comportant :

'apport d’'un gaz inerte et d’au moins un sel d’halogénure liquide dans I'aluminium ou l'alliage d’aluminium en
fusion, sous le niveau du métal liquide au niveau d’'un disperseur amont (61) ;

la dispersion, a I'aide du disperseur amont, du gaz inerte et du/des sel(s) d’halogénure(s) liquide(s) dans le flux
d’aluminium ou d’alliage d’aluminium en fusion ;

'apport, au niveau d’'un disperseur aval (67), uniquement d’un gaz inerte dans I'aluminium ou l'alliage d’alumi-
nium en fusion sous le niveau du métal liquide ; et

ladispersion, al’aide dudisperseuraval, du gazinerte dans le flux d’aluminium ou d’alliage d’aluminium en fusion.

2. Procédé selon la revendication 1, dans lequel le/les sel(s) d’halogénure(s) liquide(s) comprend/comprennent du
MgCl,, de préférence au moins 20 % en poids de MgCl, et 0,01 % & 2,0 % en poids d’eau, de préférence encore
au moins 50 % en poids de MgCl, et 0,01 % & 2,0 % en poids d’eau ou dans lequel le/les sel(s) d’halogénure(s)
liquide(s) comprend/comprennent MgCl, et KCI, ou dans lequel le/les sel(s) d’halogénure(s) liquide(s) com-
prend/comprennent 0,01 a 0,2 % en poids d’eau.

3. Procédé selon la revendication 1, dans lequel le/les sel(s) d’halogénure(s) liquide(s) est/sont ajoutés a raison de
0,01 a2 0,20 kg par tonne d’aluminium ou d’alliage d’aluminium en fusion.

4. Procédé selon la revendication 1, dans lequel le gaz inerte est choisi parmi le groupé composé de I'hélium, du néon
et de I'argon.

5. Procédé selon la revendication 1, dans lequel I'aluminium ou l'alliage d’aluminium en fusion qui s’écoule de I'entrée
a la sortie a un temps de séjour d’environ 60 secondes, ou de I'ordre de 25 a 35 secondes.

6. Procédeé selon la revendication 1, dans lequel le/les sel(s) d’halogénure(s) liquide(s) et le gaz inerte sont dispersés
au niveau d’'un disperseur plus en amont, ou au niveau de deux disperseurs plus en amont, et seul le gaz inerte
est dispersé au niveau des autres disperseurs.
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